Ulaanbaatar (Mongolia) is one of the most air polluted capital cities in the world, with ambient sulfide dioxide (SO 2 ) and particulate matter PM 10 and PM 2.5 levels > 23 times World Health Organization (WHO) standards in winter. Several studies have examined the effects of air pollution on pregnancy, providing that exposure to ambient air pollutants is associated with poor birth outcome, such as low birth weight. Our study goal was to study the associations between air pollution exposures during pregnancy and low birth weight among all full-term births (gestational age 37 -42 weeks) for a 6-year period (January 2008 through December 31, 2013) in Ulaanbaatar, Mongolia. In the study we recruited 160,676 singletons. We used a logistic regression adjusting for gestational age, parental education level, parity and infant age. The adjusted relative risk of low birth weight was 1.06 (95% CI = 1.01 -1.12) for each inter-quartile increase in NO2 concentrations. The risk of low birth weight was increased to 1.04 (95% CI = 0.93 -1.15) for CO, 1.02 (95% CI 0.97 -1.05) for SO 2 and 1.03 (95% CI 1.01 -1.08) for PM 10 . Each inter-quartile increase of NO 2 concentration during the first trimester reduced 10.74 gm of birth weight. SO 2 , CO and PM 10 also decreased birth weight 7.62, 7.49, and 8.72 gm, respectively. Each inter-quartile increase of pollutants decreases baby weight up to 11 grams.
Material and Methods
The study team applied the retrospective descriptive model. The data attributable to births were extracted from the database operated by the National Center for Maternal and Child Health (formerly, the Maternal and Infant Health Center), and the First, Second and Third Maternity Homes after obtaining an official written permission. Additional data were taken from the Information Database of the Center for Health Development as well as the Health Info-2 System. Data pertaining to total births delivered at private clinics in Ulaanbaatar in the years 2008-2013 are also included in the study. In addition, relevant data and information covering the years 2008-2013 were collected including total births, live births, stillbirths, number of newborn infants, their birth weight and length, basic birth diagnosis, demographic indicators attributable to pregnant mothers, reproduction related information, prenatal care and chronic diseases common among childbearing women. Ethical approval was obtained from Ethical Committee of Health Sciences University in January, 2012. In the study we recruited 160,676 singletons. The low birth weight (LBW) is defined as a birth weight of live born infant of less than 2500 g (5 pounds 8 ounces) regardless of gestational age.
The association between ambient air pollution and low birth weight was evaluated using SPSS 20, with a logistic regression adjusting for gestational age, maternal age, maternal education level, maternal pregnancy order, and infants' gender. Pearson's correlation coefficients were used to examine the relation among air pollution concentrations.
Results
The overall prevalence rate of low birth weight is 4.49%, excluding preterm birth, and mean birth weight is 3403.4 gm (standard deviation = 70.263) for 160,676 singletons. Birth weight varied with maternal age, mater-nal education level, maternal pregnancy order, season and infant's gender after adjusting covariates. Young maternal age, maternal less education level, early and older birth order, spring season, not married status, higher number of pregnancy order and female gender of infant are risk factors for low birth weight ( Table 1) .
The average concentrations of air pollutants for the first, second and third trimester of pregnancy of study subjects for each quartile changes are presented in Table 2 . There was a difference of air pollutant levels of first and second trimesters of pregnancy. The concentrations of CO, NO 2 , SO 2 and PM 10 were positively correlated with each other (0.54 ≤ r ≤ 0.69) ( Table 3) .
Concentrations of air pollutants showed seasonal patterns in international studies. To avoid seasonal confounding we also used a smooth function of time trend in the logistic regression model for low birth weight using the generalized additive model [20] [21] . In the models CO, NO 2 , SO 2 and PM 10 were risk factors for low birth weight ( Table 4) . Table 4 shows adjusted relative risks for each inter-quartile change of air pollutants. The adjusted relative risk was 1.06 (95% CI = 1.01 -1.12) for each inter-quartile increase in NO 2 concentrations. The risk of low birth weight increased to 1.04 (95% CI = 0.93 -1.15) for CO, 1.02 (95% CI 0.97 -1.05) for SO 2 and 1.03 (95% CI 1.01 -1.08) for PM 10 . 
Discussion
We found that ambient air CO, NO 2 , SO 2 and PM 10 concentrations during the first trimester and second trimester of pregnancy were associated with low birth weight after adjusting for gestational age, parental education level, parity and infant age. In Chinese study [22] , there was strong evidence between third trimester maternal exposures to SO 2 , TSP and low birth weight. Rogers and Thompson showed air pollution exposures, especially TSP and SO 2 without considering specific trimester had association with very low birth weight (≤1500 gm) [23] . A Czech study of birth outcomes found that the risk of intrauterine growth retardation was increased in full-term births when mothers were exposed to high levels of PM 10 in the first months of pregnancy after controlling for maternal characteristics [24] . Ritz and Yu showed exposure-response relations between third trimester exposure to CO and birth weight [25] . In our study NO 2 , SO 2 , CO and PM concentrations of the first trimester are also associated with low birth weight.
The main limitation of the study was the lack of information to adjust some personal risk factors for low birth weight such as smoking, alcohol consumption and income. Another limitation was the using of environmental monitoring data, which could not represent individual exposures.
Conclusion
The study of the associations between air pollution exposures during pregnancy and low birth weight among all full-term births (gestational age 37 -42 weeks) for a 6-year period (2008) (2009) (2010) (2011) (2012) (2013) in Ulaanbaatar, Mongolia was performed and the logistic regression adjusting for gestational age, parental education level, parity and infant age was used for the study. The results showed that the adjusted relative risk of low birth weight was 1.06 (95% CI = 1.01 -1.12) for each inter-quartile increase in NO 2 concentrations. The risk of low birth weight was increased to 1.04 (95% CI = 0.93 -1.15) for CO, 1.02 (95% CI = 0.97 -1.05) for SO 2 and 1.03 (95% CI = 1.01 -1.08) for PM 10 . Each inter-quartile increase of NO 2 concentration during the first trimester reduced 10.74 gm of birth weight. SO 2 , CO and PM 10 also decreased birth weight 7.62, 7.49, and 8.72 gm, respectively.
